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Objectives. This study was performed to test the hypothesis that 
regional variation in ventricular function in patients with nonisch- 
emic dilated cardiomyopathy is related to regional variation in 
oxidative metabolism. 
Background. Heterogeneity n regional left ventricular function 
has long been noted in patients with nonischemic dilated cardio- 
myopathy. Regional variation in wall stress has been proposed as 
the pathophysioiogic mechanism. By correlating regional function 
with oxidative metabolism, one can test the hypothesis that 
heterogeneity in wall stress is responsible for heterogeneity in 
function. We hypothesized that preserved function as a result of 
more favorable loading conditions would be associated with 
regional oxidative metabolism that is equal to or lower than that 
in other egions. 
Methods. Fifteen patients with nonischemic dilated cardiomy- 
opathy (mean [+SD] ejection fraction 20.7 -+. 4.0%) were studied. 
Regional ventricular function was determined using short-axis 
chordal shortening on two-dimensional echocardiography. Re- 
gional oxidative metabolism was assessed by carbon-ll acetate 
clearance kinetics on dynamic positron emission tomography. An 
eight-segment model of the left ventricle was used. Segmental 
function and oxidative metabolism were defined as increased if 
they varied at least 1 SD from the respective mean value for that 
patient. 
Results. Thirteen (87%) of 15 patients exhibited segments with 
increased function. In 7 (54%) of 13 patients, regional function 
was increased in the proximal ateral wall. Multivariate linear 
regression analysis showed a direct relation between regional 
function and oxidative metabolism (p = 0.02). The average 
concordance between i creased function and increased oxidative 
metabolism among patients was 0.87 -+ 0.11 (95% confidence 
interval 0.70 to 1.00). 
Conclusions. Patients with nonischemic dilated cardiomyopa- 
thy display heterogeneity in regional ventricular function. Relative 
preservation is observed most frequently in the proximal lateral 
wall. Relative preservation of function is associated with higher 
regional oxidative metabolism, suggesting that mechanisms other 
than or in addition to local loading conditions may be responsible 
for heterogeneity n function. 
(J Am Coil Cardiol 1995;25:1258-62) 
Nonischemic dilated cardiomyopathy is presumed to involve 
the myocardium diffusely and to have a homogeneous effect on 
ventricular function. Despite this homogeneity, heterogeneity 
in regional eft ventricular function has long been noted in 
these patients (1-4). Heterogeneity n regional wall stress has 
been demonstrated in normal subjects (5) and in patients with 
cardiomyopathy (5,6) and has been proposed as the mecha- 
nism responsible for heterogeneity n regional function (3,5,6). 
However, to our knowledge the pathophysiology of regional 
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functional heterogeneity n nonischemic dilated cardiomyopa- 
thy has not been elucidated. 
Regional myocardial oxygen consumption reflects local 
cardiac energy expenditure and can be measured using the 
kinetics of carbon-ll (C-11) acetate clearance on dynamic 
positron emission tomography (7-12). Evaluation of the rela- 
tion between regional myocardial function and metabolic 
activity could test the hypothesis that heterogeneous loading 
conditions, which manifest as regional variations in wall stress, 
arc responsible for heterogeneity n function. Regional pres- 
ervation of function due to more favorable local loading 
conditions hould be associated with equal or lower energy 
expenditure and therefore equal or lower oxidative metabolism 
in those regions, reflecting less oxygen consumed per unit of 
function. Conversely, higher metabolic activity within regions 
of relatively preserved ventricular function would indicate a 
preserved ability to work and could reflect regional heteroge- 
neity of the underlying myopathic process. This study was 
therefore performed to evaluate regional left ventricular func- 
tion in a group of patients with nonischemic dilated cardiom- 
yopathy and to correlate function with oxidative metabolism. 
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Methods  
Patient selection. We studied 15 patients with nonischemie 
dilated cardiomyopathy. Patient selection and demographics 
have been described previously (11,12). In brief, patients were 
included if they had ventricular systolic dysfunction (ejection 
fraction <30%) and no lumen diameter stenosis ->50% in any 
major epicardial coronary artery on coronary angiography. 
Patients were excluded if there was evidence of myocardial 
infarction by history or electrocardiography or evidence of 
underlying valvular pathology by history or by echocardio- 
graphic imaging. All patients fasted overnight and received no 
oral medications for >-12 h before the study. In addition, 
regional ventricular function was measured in a group of 15 
normal volunteers with no history of cardiac disease or other 
chronic medical illness. All normal volunteers had normal 
findings on two-dimensional echocardiography. The study pro- 
tocol was conducted inaccordance with standard guidelines for 
clinical research and with approval of the Human Subjects 
Committee and the Radiation Safety Committee at the Uni- 
versity of Michigan. Written informed consent was obtained 
from all subjects. 
Regional ventricular function. All patients and control 
subjects underwent standard two-dimensional echocardio- 
graphic imaging using commercially available equipment, in- 
cluding the Acuson 128XP/10 and ATL Ultramark 9 (Ad- 
vanced Technologies Laboratories) canners. Left ventricular 
ejection fraction was calculated using the Simpson method 
from two orthogonal apical views (13). Parasternal short-axis 
views were obtained at the base of the left ventricle and at the 
midpapillary muscle level. Images were recorded on standard 
VHS videotape for subsequent analysis. Regional wall motion 
was analyzed off-line on a digital work station using commer- 
cially available software (Freeland/Tomtec). Representative 
short-axis images of both the proximal and distal myocardial 
levels were digitized in cine loop format. Using frozen images 
and beginning at the posterior interventricular g oove, we traced 
the left ventricular endocardium in end-diastole and end-systole. 
The endocardium was divided into 100 circumferential chords 
and after correcting for translational movement of the heart, 
chordal shortening in mm was determined ateach chord. 
To match the tomographic planes used in positron emission 
tomography, the myocardium in both the proximal and distal 
planes was divided circumferentially into four equal regions to 
yield eight regions in each patient. Chordal shortening was 
averaged for the 25 chords within each myocardial region. The 
apical myocardium was excluded from analysis because of the 
disproportionate contribution in this region of shortening in 
the long axis of the ventricle. 
Regional oxidative metabolism. Positron emission tomog- 
raphy was performed on the same day and within 1 h of 
echocardiography in all patients with dilated cardiomyopathy. 
Imaging was performed using a 931 Siemens positron emission 
tomographic scanner with acquisition of 15 contiguous 
transaxial images. Determination of myocardial oxidative me- 
tabolism based on the kinetics of C-11 acetate clearance was 
performed as described previously (10,12,14). In brief, 20 mCi 
(740 MBq) of C-11 acetate was administered intravenously 
over 30 s and a 30-rain dynamic frame acquisition was initiated 
simultaneously (10 × 10, 1 × 60, 5 × 100, 3 × 180 and 2 × 
300 s). Images were reconstructed in the short axis of the left 
ventricle, and the proximal and midventricular myocardium 
were each divided into four circumferential regions (10). 
Myocardial sector time-activity curves were derived from the 
dynamic imaging sequence. The rate of C-1I acetate clearance 
from the myocardium was derived using a monoexponential 
function, which has been shown to have a linear relation with 
myocardial oxygen consumption (10,12). 
Correlation of echocardiography and positron emission 
tomography. An eight-segment model was used to assess both 
regional function and oxidative metabolism. Segments were 
defined as proximal or distal and as belonging to the anterior, 
lateral, inferior or septal walls. Short-axis echocardiographic 
and positron emission tomographic mages were divided into 
equal fourths based on the intercept of the left ventricle with 
the inferior aspect of the right ventricular free wall. The 
midpoint of the inferior wall was defined as a point 12 ° lateral 
to this intercept. The inferior wall included 90 ° of the circular 
left ventricular myocardium, extending 45 ° in either direction 
of the defined midpoint. The septum included the 90 ° segment 
anterior and medial to the inferior wall; the lateral wall was the 
90 ° segment anterior and lateral to the inferior wall. The 
anterior wall was the 90 o segment directly opposite (anterior 
to) the inferior wall. 
Analysis of heterogeneity. The mean value and SD of both 
chordal shortening and C-11 acetate clearance were deter- 
mined for each patient. For each segment ventricular function 
was defined as average if chordal shortening was within 1 SD of 
the mean value for that patient or increased or decreased if it 
varied more than 1 SD above or below the mean value, 
respectively. Oxidative metabolism similarly was defined as aver- 
age if C-I 1 acetate clearance was within 1 SD of the mean value 
for that patient, and increased if it was more than 1 SD above or 
decreased if it was more than 1 SD below the mean value. 
Coefficients of variation for both ventricular flmction and 
oxidative metabolism were calculated for each subject. For 
individual subjects we determined the ratio of the standard 
deviation to the mean value of eight myocardial regions for 
both chordal shortening and C-11 acetate clearance. For the 
purposes of comparing ventricular function and oxidative 
metabolism between patients, both chordal shortening and 
C-11 acetate clearance were corrected for variation in absolute 
wdues between patients by dividing the values for each seg- 
ment by the respective mean values for that patient, yielding 
normalized chordal shortening and normalized C-11 acetate 
clearance. 
Statistical analysis. All data are reported as mean value _+ 
1 SD. Average chordal shortening and coefficients of variation 
were compared between patient and control groups with 
independent t ests. In each patient he regional concordance 
of increased function and increased oxidative metabolism was 
determined. Analyses of the correlation between chordal 
1260 BACH ET AL. JACC Vol. 25, No, 6 
FUNCTIONAL HETEROGENEITY IN CARDIOMYOPATHY May 1995:1258-62 
shortening and C-11 acetate clearance in individual patients 
were made with Pearson correlation coefficients. The effect of 
regional C-11 acetate clearance on chordal shortening was 
evaluated using a multivariate linear regression model incor- 
porating variables for individual patient and myocardial re- 
gion. Differences were considered significant at p < 0.05 
(two-sided). 
Results 
Study patients. We studied 15 patients with cardiomyopa- 
thy (10 men, 5 women; mean [_+SD] age 43.2 _+ 9.1 years, range 
26 to 56). All patients had chronic clinical congestive heart 
failure with documented nonischemic dilated cardiomyopathy. 
Mean left ventricular ejection fraction was 20.7 +- 4.0% (range 
13% to 27%). The cause of dilated cardiomyopathy was 
postulated to be myocarditis in two patients and alcoholism, 
postpartum factors and myotonic dystrophy in one patient 
each; cardiomyopathy was idiopathic in 10. One patient with 
idiopathic cardiomyopathy ad previously untreated systolic 
hypertension at diagnosis, although a causative relation of 
hypertension to cardiomyopathy in this patient was unclear. All 
patients underwent both echocardiographic and positron emis- 
sion tomographic imaging. Quantitative chocardiographic 
wall motion analysis was available for all segments in all 
patients. Correlation between regional function and oxidative 
metabolism was available for 117 (97.5%) of 120 segments. 
Regional function in normal subjects. Normal subjects 
studied for regional ventricular function included eight men 
and seven women, (mean age 33.2 -- 7.0 years, range 20 to 43). 
Regional chordal shortening in the control group ranged from 
6.8 to 12.6 mm (mean 9.7 _+ 1.4). Regional chordal shortening 
in each normal volunteer was homogeneous, with an average 
coefficient of variation of only 0.04 _+ 0.14 (range 0.01 to 0.08). 
In 7 of 15 normal volunteers, chordal shortening of all eight 
regions were within the narrow range of 1 SD of the mean 
value. There were nine regions among eight control subjects in 
which function deviated by > 1 SD, although chordal shorten- 
ing in these regions differed from average by only 0.8 + 0.2 mm 
(range 0.4 to 1.2). Only two of nine regions were associated 
with function that was 1 SD above the mean value; the 
remaining seven regions had chordal shortening 1 SD below 
the mean value. The two regions with increased function were 
located in the distal lateral wall and the distal anterior wall. 
Regions with decreased function were located in the proximal 
septum in four subjects and in the distal septum, distal anterior 
wall and distal inferior wall in one subject each. 
Functional heterogeneity in cardiomyopathy. Average 
chordal shortening among patients with dilated cardiomyopa- 
thy ranged from 1.8 to 5.8 mm (mean 3.5 ± 1.1). As expected, 
this was significantly less than that observed in the group of 
control subjects (p < 0.001). All 15 patients exhibited regional 
heterogeneity n function, with the chordal shortening of at 
least one segment varying at least 1 SD from the mean value 
for that patient. The average coefficient of variation of regional 
chordal shortening among the 15 patients with cardiomyopathy 
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Figure l. Incidence of increased ventricular function (left) and in- 
creased oxidative metabolism (right) displayed by segment, with left 
ventricular pex in the center and base of the myocardium peripher- 
ally. The lateral wall contained a predominance of segments with 
increased function as well as segments with increased oxidative me- 
tabolism. 
was 0.82 _+ 0.16 (range 0.58 to 1.18), which was significantly 
greater than that observed among the control subjects (p < 
0.001). There were 14 segments with increased function, 102 
with average function and 4 with decreased function. In two 
patients heterogeneity in function involved only segments with 
decreased function. Another two patients had regions of both 
increased and decreased function. Regions of decreased func- 
tion were located in the proximal and distal inferior walls and 
the proximal and distal septa in one patient each. 
Thirteen (87%) of 15 patients had at least one region with 
increased function. Mean chordal shortening in these regions 
was 7.8 _+ 2.0 mm (range 5.1 to 11.9) compared with 2.9 + 
1.8 mm (range 0.5 to 8.2) in segments with average function 
and 0.5 _+ 1.0 mm (range -0.9 to 1.8) in regions with decreased 
function. One patient exhibited two segments with increased 
function. In the remaining patients function was increased ina 
single segment. Of 13 patients with increased function, 8(62%) 
had increased function in the lateral wall, including 7 (54%) 
with increased function in the proximal ateral wall. Other 
locations included the proximal or distal septa, or both, in 
three patients (23%) and the proximal or distal anterior wall in 
one patient (7%) each. The inferior wall was never associated 
with increased function. Multivariate regression analysis 
showed that location within the proximal ateral wall was a 
significant predictor of increased regional function (p = 0.002). 
The incidences of increased function and of increased oxida- 
tive metabolism by segment are displayed in Figure 1. 
Function and oxidative metabolism. The coefficient of 
variation of regional C-11 acetate clearance in the 15 patients 
ranged from 0.03 to 0.16 (mean 0.08 - 0.04). Twenty-one 
segments had increased oxidative metabolism on dynamic 
positron emission tomography. The rate of C-11 acetate clear- 
ance in these segments was 0.073 ± 0.013 rain -1 (range 0.051 
to 0.097), compared with 0.067 _+ 0.011 rain -1 (range 0.043 to 
0.083) in segments with average oxidative metabolism, and 
0.058 _+ 0.010 rain -1 (range 0.041 to 0.072) in regions with 
decreased metabolism. Normalized C-11 acetate clearance 
values (C-11 acetate clearance divided by mean C-11 acetate 
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Figure 2. Normalized rates of carbon-I l acetate clearance grouped by 
regional ventricular function. A direct relation exists between regional 
ventricular function and oxidative metabolism. 
clearance) were 1.12 _+ 0.06 (range 1.04 to 1.20), 0.99 + 0.05 
(range 0.86 to 1.11) and 0.88 + 0.06 (range 0.73 to 0.96), 
respectively. Figure 2 presents the normalized C-I1 acetate 
clearance for individual segments grouped by regional ventric- 
ular function. 
There was moderate correlation between chordal shorten- 
ing and C-11 acetate clearance among the 15 patients (average 
R = 0.51 _+ 0.28, range 0.09 to 0.97). Four of 15 patients 
demonstrated a significant direct relation between chordal 
shortening and C-11 acetate clearance (average R = 0.86 + 
0.09, range 0.75 [p = 0.03] to 0.97 [p < 0.001]). Multivariate 
linear regression analysis demonstrated a significant relation 
between regional function and oxidative metabolism when 
controlling for individual patient and myocardial region (p = 
0.02). 
Of 14 segments identified with increased function 10 (71%) 
had an associated increase in oxidative metabolism. The 
remaining four segments (29%) were associated with average 
oxidative metabolism. In 11 segments increased oxidative 
metabolism was associated with average ventricular function. 
The remaining 92 segments had regional function and oxida- 
tive metabolism that were both average (n = 74), or one but 
not both was below average (n = 18). Among the 15 patients 
the average concordance of increased function and increased 
oxidative metabolism by region was 0.87 _+ 0.11 (range 0.625 to 
1.0, 95% confidence interval 0.70 to 1.00). 
Discuss ion  
Location of functional heterogeneity. Despite underlying 
myopathic processes that have been presumed to involve the 
myocardium diffusely, regional heterogeneity in ventricular 
function has been observed in patients with nonischemic 
dilated cardiomyopathy. The present study examined regional 
ventricular function in 15 patients with a variety of underlying 
causes of chronic cardiomyopathy. Patients with cardiomyop- 
athy had heterogeneity in regional ventricular function that 
was not observed in a group of control subjects with normal 
function (average coefficients of variation 0.82 -+ 0.16 vs. 
0.04 _+ 0.14). The proximal lateral wall was identified in 
patients with cardiomyopathy as the predominant location of 
relatively preserved function. Relative preservation of function 
has been reported in basal (3) and lateral (4) myocardial 
segments as well as in the interventricular septum (1). The 
study in which preservation of function was greatest in the 
septum (1) included patients with acute myocarditis, who 
potentially represent a distinct population. 
As previously noted, heterogeneity n wall stress has been 
proposed as a mechanism responsible for the nonhomogeneity 
observed in ventricular function (3,5,6). This theory proposes 
that more favorable local loading conditions result in hetero- 
geneity in wall stress, allowing reater myocardial function per 
unit of energy consumed. Heterogeneity n regional wall stress 
has been demonstrated in both normal subjects (5) and 
patients with dilated cardiomyopathy (5,6). In assigning a 
causative relation between wall stress and regional function, 
investigators a sumed that myocardial oxidative metabolism is
preserved throughout the ventricle and that regional wall stress 
is the only variable contributing to heterogeneity n function. 
Although regional wall stress has been observed to be higher in 
regions with relatively decreased function (5,6), neither vari- 
able can be altered independently o test this hypothesis and 
regional oxidative metabolism has not been correlated previ- 
ously with function. 
Heterogeneity in oxidative metabolism. Regional hetero- 
geneity in myocardial perfusion tracer uptake (15,16) and in 
glucose metabolism (14-16) has been demonstrated using 
positron emission tomography in normal human volunteers. In 
contrast, oxidative metabolism in normal humans has been 
found to be either homogeneous (17) or slightly but not 
significantly increased in the septum (14). Although one pre- 
vious study (10) found that C-11 acetate clearance was de- 
creased in the apex and was otherwise homogeneous, the 
present study excluded the apical segment from analysis be- 
cause of the inability to measure ventricular function accu- 
rately in this segment. The remainder of the myocardium is 
expected to have uniform C-11 acetate clearance. The present 
study demonstrated moderate heterogeneity in regional oxida- 
tive metabolism in some patients with nonischemic dilated 
cardiomyopathy, with the coefficient of variation for individual 
patients ranging from 0.03 to 0.16. Increased oxidative metab- 
olism was observed most commonly in the lateral wall. 
Relation between function and metabolism. We demon- 
strated a direct relation between regional ventricular function 
and oxidative metabolism. Regions with relatively better ven- 
tricular function are associated with higher egional oxidative 
metabolism. This contradicts the hypothesis that variation in 
wall stress is the only factor responsible for functional heter- 
ogeneity in patients with nonischemic dilated cardiomyopathy 
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and suggests that relative sparing of some regions from in- 
volvement in the underlying myopathic processes may contrib- 
ute to the observed heterogeneity in function. This is sup- 
ported by previous findings that myocardial fibrosis is not 
distributed homogeneously in dilated cardiomyopathy and that 
the severity of interstitial fibrosis correlates with the degree of 
ventricular dysfunction (18,19). 
The relation between regional function and oxidative me- 
tabolism implies that mechanisms other than or in addition to 
local loading conditions may be responsible for heterogeneity 
in function. A refined analysis of the relation between regional 
wall stress and ventricular function is potentially available by 
the simultaneous measurement of regional wall stress, function 
and oxidative metabolism under varying loading conditions. 
The present study is limited in that regional wall stress was not 
measured irectly. The ability to do so is currently limited by 
the lack of an appropriately validated method for calculating 
regional wall stress. 
We observed significant overlap in the relation between 
ventricular function and oxidative metabolism, to the extent 
that neither can be accurately predicted from the other. 
Although regions with average function were associated with 
average, increased or decreased oxidative metabolism, regions 
with increased function were associated only with oxidative 
metabolism that was increased or average. The overlap may be 
related to technical factors including limitations in measure- 
ment of both chordal shortening and C-11 acetate clearance or 
in a limited ability to match precisely myocardial regions using 
different imaging modalities. In addition, tethering by adjacent 
regions may influence segmental wall motion. However, most 
likely more than a single factor contributes to regional differ- 
ences in ventricular function in patients with dilated cardio- 
myopathy. Regional wall stress and regional cellular viability 
expressed as oxidative metabolism appear to represent two 
such factors although other unknown factors may also contrib- 
ute. 
Conclusions. In a group of 15 patients with nonischemic 
dilated cardiomyopathy there was a high prevalence of ob- 
served heterogeneity n ventricular function, with the proximal 
lateral wall most frequently preserved. There was a direct 
relation between regional ventricular function and oxidative 
metabolism. This suggests hat factors in addition to variation 
in regional oading conditions may be responsible for hetero- 
geneity in ventricular function. If there is nonhomogeneity in 
the involvement or in the expression of underlying myopathic 
processes, then identifying the mechanisms responsible for 
myocardial sparing may influence attempts o preserve ventric- 
ular function in these diseases. 
We gratefully acknowledge the assistance and expertise of Mary, Sue LeMirc, 
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